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EFFECT OF WIND VELOCITY ON PERFORMANCE OF
HELICOPTER ROTORS AS INVESTIGATED WITH
THE LANGLEY HELTCOPTER AFPARATUS

By Paul J. Carpenter
SUMMARY

Two representative helicopter rotors with widely dlfferent
characteristics were investigated to determine the effect of wind
veloclity on the power required for sustentation. The rotors were
investigated with the Langley helicopter apparatus and were powered
by a 1350-horsepower engine.

The results of this investligation showed an appreclable decrease
in power required for both rotors for a given thrust as the wind
velocity increased; for example, at a thrust of 2500 pounds
decreases of about 5 percent in power required at 8 miles per hour
end gbout 17 percent at 15 miles per hour were shown.

The results obtained for both rotors were essentially the same
although the rotors had different plan forms, airfoll sections, blade
twists, end solidities. Comparisons of “the results with theoretical
values showed that the theory satisfactorily predicted the effects of
wind velocity on the performence of both rotors for airspeeds from 0
to at least 15 miles per hour. )

A study of the results indicated that, in order to reduce errors
brought gbout by wind velocity to less than 3 percent, rotor hovering
performance tests should be run at wind velocitles of less than
5 miles per hour or the test results should be adjusted to allow for
the increase in performence due to wind velocity.

INTRODUCTION

Although experimental data for full-scale helicopter rotors are
fairly extensive, the test conditions of these investigations have
been limited to the range of variables of the particular helicopter
being studied. The National Advisory Committee for Aeronautics has
consequently constructed a testing apparatus sultable for obtaining
accurate measurements on full—scale helicopter rotors for a wide
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range of variables. This equipment is designated the I.ahgley helicopter
apparatus.

The rotor blades to be tested are attached to a part of the
apparatus called the "helicopter tower." Insemuch as the wind conditions
at the tower camnot be controlled, the effect of wind velocity on the
sorodynamic date obtalned must first be determined in order to correlate
the results of the tests made vmder different wind conditions and with
different rotors. For example, it is generally known and has been .
theoreticaelly proved by simple momentum theory (reference 1) that rotor
performance Increases gppreciably with an increase in alrspeed. Full—
scale experimental confirmation of the theory, however, has been very
limited in the alrspeed range of most interest for the tower tests
(0 to 15 mph). Tests were therefore made on a representative rotor in
this alrspeed range to determine the decrease in rotor power required at
constent thrust at various wind speeds. These tests were then repeated
with a rotor having widely different characteristics from the first rotor
in order to determine whether the effect of wind velocity was dependent on
rotor characteristics. The results of both series of tests were analyzed
and compared with the theory of reference 2. Only the effect of wind
velocity on the power required at constant thrust is given herein,
Inasmuch as the hoverlng performence at approximstely zero airspeed
of two similar rotors has been analyzed in reference 3.

The results end analysis of these tests are considered of general
interest Inasmuch as they provlide not only a means for the correlation
of data teken at verious low wind speeds but also a knowledge of the
effect of wind speed on power required in the low-speed range, which is
necessary for the evaluation of helicopter hovering performance and for,

teke—off and landing stuq:les.

SYMBOIS
b number of blades per rotor
R blade radius, feet
c blade section chord, feet
r radial distance to blade element, feet

JTR crad.r
vo -

equivalent blade chord, feet J)R

redr
0
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rotor solidity (bee/mR)

denslty of air, slugs per cubic foot
rotor thrust, pounds

rotor—-shaft torque, pound—feet

rotor angular velocity, radians i)er second.

rotor thrust ooefficient_ —-2—T—§
7R=p(QR)

rotor-shaft torque coefficient ( Le )
' B p{(R)* (R)

rotor—ghaft profile~drag torque coefficlent

rotor-shaft induced torque coefficient

induced torque coefficient of rotor shaft in hovering at
zero alrspeed )

induced rotor power, horsepower

-

true alrspeed of helicopter along Flight path (used herein
as the true wind velocity relative to rotor) .

induced inflow ve‘locity at rotor, feet per second
induced inflow velocity at rotor in hovering at zero airspeed,
feet per second
APPARATUS AND TEST METHODS

Description of Langley Hellcopter Apparatus

General.— The helicopter tower 1s constructed of steel plate formed
in the shape of a circuler cone 39 feet high having & base diameter of
16 feet and a top dlameter of 3 feet. A movable work stand glves access
to the tower from the outside. A 40—foot pole located 180 feet from the
helicopter tower is used for obtalning wind—velocity date. A general
view of the Langley helicopter epparatus is shown in figure 1.

Power plant.— The power for the rotor is supplied by a 12—cylinder
Packard marine engine rated at 1350 horsepower at 2400 rpm. The engine
drives the geer reduction unit through a free-wheeling unit. A manually
operated cone clutch engeges end disengages the engine. The gear reduction
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unit has interchangeable gears glving reduction ratios of 12 to 1
and 6 to 1. Part of the gearbox assembly is shown in figure 2.

" Shaft.— The rotor shaft is capable of transmitting a driving torque
of 30,000 pound—feet. The lower part of the shaft comsists of a section
on which slip rings are mounted, a flexible coupling, a speclal necked—
down section used as a strain—gage torgque meter, a diephragm coupling,
and s thrust bearing to which thrust pickups are attached. The lower
shaft installation is seen in figure 2. The top of the shaft is an

adapter flange on which is mounted e replaceable 2%-— inch steel ghaft. This

one 1s used as an adapter ghaft for the rotor in the present investigation.
Figure 3 shows the rotor installation atop the helicopter tower.

Ingtrumentg.~ The helicopter tower 1s equipped with instruments to
indicate the thrust, torque, side forces, shaft rotational speed, blade
pitch angle, drag angle, coning angle, wind veloclty, and wind direction.
A mobile traller i1s located ebout 100 feet from the tower with an
oscillograph cepable of taking simulteneous records of the data.

The vertical thrust is measured by electric strailn gages mounted
on the supports of the thrust bearing. Two moumnts are avallable, one
with a range of O to 3000 pounds and the other with a range of O
to 10,000 pounds.

The torque l1s measured in a similer menner by electric strain gages
on the necked—down gection of the shaft. Shaft sections with a torgue
range of O to 3000 pound—feet, O to 9000 pound—Ffeet, and O to 30,000
pound—feet are avallable.

Side forces acting on the rotor are measured by straln gages mounted
on the top bearing supports.

Control—position indicators which congist of a slide on a resistance
wire are used to indicate the blade pltch angle, dreg angle, and coning
engle. These indicators are also used to obtaln the amount of cyclic
pitch. ’

Wind velocity is indicated by anemometer cups mounted on a pole
180 feet from the tower. A wind—direction indicator is located on top
of the pole.

A survey reke to measure the direction and velocity of the induced
flow is installed on the tower. The rake can be rotated to any azimuth
position and the velocity and direction indicators can be shifted to any
blade—radlius position.

The instrument panel and the controls loceted in the base of the
tower are shown in figure k.
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Description of Rotors

Two representative rotors (designated rotors A end B) with widely
different characteristics were used In the investigation. The blades of
rotor A are standard—production models end have a radiuas of 19 feet
moasured from the center of rotation. The blades are fabric covered
and un6tgisted., have NACA 0012 airfoll sectlons, and have a solidity
of 0.060.

The blades of rotor B also have a radius of 19 feet. They are
plywood covered and have a linear washout of 8°, NACA 23015 airfoil
sections, and a solidity of 0.042. Plan forms of the two types of rotors
tested are shown inh figure 5. A summary of the pertinent characteristics
of the rotors 1s glven as follows:

Rotor characterlstics Rotor A Rotor B
Redius, feet 19 19
Blade twist (1linear), deg None -8
Solidity, o 0.060 0.042
Blade area (total three blades), sq ft 65.4 46.3
Blade section NACA 0012 | Modified NACA 23015
Blade weight (one blade), 1b 57 i 60 .
Type covering Fabric Plywood

Description of Tests

The quantities measured for these tests were wind velocity (mph),
rotor rotational speed (rpm), rotor thrust (1b), rotor torgue (1b—ft),
side forces (1b), air temperature (OF), and static air pressure (mm Hg).

Wind velocity at the rotor was agsumed to be the seme as wind
velocity at the pole. As the instantaneous wind velocities at the
wind—velocity pole and the rotor msy not be quite the same, 20 sets of
data were taken for each condition. These data were obtained by photo—
graphing the instrument-panel diasls at 1l0-second intervals. The readings
were then averaged to give mesn thrust, torque, rotor speed, and wind
velocity for each condition.

The cup anemometers were carefully calibrated and were found to be
conglderably in error at airspeeds below 10 miles per hour. A correction
chart was made from tests in an instrument tunnel to convert dial readings
to true wind velocity. Because the anemameter cups were Inoperative at
wind velocities less than 2.5 miles per hour, a 20—foot streamer of light
paper was tied to the work stand at a distance of 125 feet from the tower;
zero wind velocity was taken ag the point at which the paper hung straight
down. No readings were taken at wind velocitles between O and 2.5 miles
per hour.
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For each set of conditions, the cyclic pitch was adJusted to give
zero slde forces acting on the rotor.

METHOD OF ANATYSTS

In order to compare the resulis with the available theory, isolation
of that part of the total power required which is affected by wind speed
was Pirst necessary. A study of the problem iniicates that the induced
power P; and, hence, the induced torque coefficients would be chiefly

affected. Reference 2 presents the avallable theory 1in a convenient

form of induced velocity LS plotted against ki o, Wwhich is a
Vhov Vhov

nondimensional parameter proportional to wind speed.

In order to obtain these two ratios, a curve of total torque
coefflicients at any thrust coefficlent was first obtained for the hovering
condition. An estimated profile—drag torgue-—coefficient curve wes drawn
and values taken from the curve were subtracted from the total hovering
torque coefficients to obtain the hovering induced torque coefficients for
any thrust coefficient. The estimated. profile—drag torque coefficients
used were determined by starting at the minimum value measured. and increasing
it as a function of increasing thrust coefficient according to the procedure
given in reference 4. The induced torque coefficients corresponding to the
measured thrust coefficient for each of the data points were then obtained
by subtracting the seme estimated profile—drag torgque coefficient from the
measured total torgue coefficient obteined at the various wind velocities.
Once the values of cqihcv and Cq, are determined, the induced velocity

ratios can be calculated from the followlng relationship:

c
Qi — (l)

CQ'ihOV' th’V'

where the induced-velocity distributions ere assumed to be similar.for
various wind valocitles.

~

for each data point,

For purposes of calculating the value of
hov

the theoretical value of vy, was calculated from the expression

Vhor = 9R\ L. (2)

in which the induced~veloclty dlstribution is assumed to be uniform.

The values of were then calculated and plotted against %—.
. ov

hov
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RESULTS AND DISCUSSION

A sumery of the dats and results obtained with rotors A and B is

presented in tables I and IT, respectively. The ratios v

hov Thov
were calculated only for points of 1500 pounds thrust or greater because,
as the induced power approaches zero, the experimental error can become
very lerge. Because the method of analysis required a cwrve of total
hovering torque coefficient plotted agelnst thrust coefficient, the data
taken at zero airspeed were plotted in figures 6 and 7. In order to
assist in fairing the curves through the limited number of data points
at zero airspeed, points at very low airspeeds are included In the

figures.

The agreement between the experimental data and the theoretical
curves of induced—velocity parameter and wind—-veloclty parameter 1s shown
in figure 8. The results obtained' for both rotors were essentially the
pame although their airfoll sections, plan forms, blade twlsts, and
solidities are different. .

Good agreement is obtained with the theoretical curve for values

vv from O to 1.0, which for normal disk loadings correspond to
hov
airspeeds of O to about 15 miles per hour. These tests are considered
t0 show clearly the velidity of the theory for this range of ailrspeeds
for rotors whose geametric parameters fall within the range covered by
conventional design. A somewhat smaller experimental than theoretical
reduction in power required is shown at ratios of - th above 1.0.
ov

Although some such discrepancy may be expected from considerations of
the dissymmetry of induced flow, the limited emovnt of data obtained
end the increase in experimental error due to gustiness at high wind
velocities allow no definite conclusions to be drawn. For this reason

the experimental curve in figure 8 is a dashed line above a value of -v%o-;
of 1.0 to indicate its provisionsl nature.

of

The effect of wind velocity on power required as well as the agree—
ment between theory and experiment can be more easlly understood in
terms of conventional parameters. As an example, the faired results
of figure 8 are presented in Ffigure 9 as a plot of rotor power
against wind veloclty for rotor A operating at a thrust of 2500 pounds.
The figure shows decreases in power required for sustentation of
about 5 percent at 8 miles per hour and sbout 17 percent at 15 miles
per hour. Exemination of the figure also shows that, in order to
reduce errors brought about by wind velocity to less than 3 percent,
rotor hovering performance tests should be run at wind velocitles of
less than 5 miles per hour or the test results should be adjusted to
gllow for the increase in performance due to wind velocity.

S TERmm b et e E—— A ey ————— o= e e e =



8 ) NACA TN No. 1698

CONCLUSTIONS

The effect of wind velocity on the performance of helicopter rotors
has been experimentally determined with the Langley helicopter apparatus
for two sets of rotor blades with widely different characteristics, and
the experimental results have been compared with theoretical values.

From the performance datae obtained, the following conclusions may be
drawn for rotors whose geometric parameters fall within the range covered
by conventionsl design:

1. As predicted by theory, the power required for sustentation
decreased appreciasbly as the airspeed increased; for example, & decrease
of sbout 5 percent in power required was noted at 8 miles per hour and
a decrease of about 17 percent was noted at 15 miles per hour at a rotor

thrust of 2500 pounds.

2. The results obtained for both rotors were essentially the same
although the rotors had different plen forms, airfoil sections, blade twis
end solidities. Comparisong of the results with theoretical values showed
that the theory predicted satisfactorily the effects of wind velocity on
rotor performance for airspeeds from O to at least 15 miles per hour.

3. In order to reduce errors brought about by wind veloclty to
less than 3 percent, either rotor hovering performance tests should be
run at wind velocitles of less than 5 miles per hour or the test results
should be edjusted to allow for the Increase in performsnce due to

wind velocity.

Langley Aeronsutical Laboratory .
National Advisory Committee for Aeronautics '
Langley Field, Va., June 17, 1948
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Wind-veloclty pole

Helicopter tower

Figure 1.- General view of Langley hellcopter apparatus,

Work stand
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Flexible coupling
‘Torque meter
Diaphragm coupling’
Thrust bearing
Thrust pickups
—————————— WU

Oy O o b =

L-54415
2,

! v - _-—-—-‘—v"‘———-w

t

Figure 2.- Gearbox and lower shaft assembly.
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(b) Rotor B.

Figure 5.~ Plan forms of test rotor blades,

L-56721
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